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DUO-BINARY ENCODER AND OPTICAL DUO-BINARY TRANSMISSION 

APPARATUS USING THE SAME 

CLAIM OF PRIORITY 

5 This application claims priority to an application entitled "Duo-binary encoder and 

optical duo-binary transmission apparatus using the same," filed in the Korean Intellectual 
Property Office on September 8, 2003 and assigned Serial No. 2003-62621, the contents of 
which are hereby incorporated by reference. 

1 0 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an optical duo-binary transmission apparatus using 
an optical duo-binary transmission method . More particularly, the present invention relates 
to a duo-binary encoder performing a parallel processing and an optical duo-binary 
1 5 transmission apparatus using the same. 

2. Description of the Related Art 

In general, a Dense Wavelength Division Multiplexing (hereinafter, referred to as a 
DWDM) optical transmission system has an excellent communication efficiency, since it 
can transmit an optical signal having multiple channels with different wavelengths through 
20 a single optical fiber. Also, the DWDM system is capable of transmitting an optical signal 
regardless of transmission speed. Accordingly, the DWDM systems are now widely used 
in ultra-high speed internet networks, there are trends showing more and more data traffic 
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being sent over such networks Recently, there are known systems in use that are capable of 
transmitting more than a hundred channels through a single optical fiber using the DWDM 
technology. Furthermore, various research is being actively conducted to develop a 
system that can transmit more than two hundred channels of 40 Gbps through a single 
5 optical fiber simultaneously, thus having a transmission speed of more than 10 Tbps. 

However, one restriction to the enlargement of transmission capacity is due to 
severe interference and distortion between the channels. Such interference can be present 
when the channel distance is less than 50GHz when a light intensity is modulated using the 
conventional n on-return-to-zero ( NRZ) m ethod, w hich i s d ue t o a r apid i ncrease o f d ata 

10 traffic and a request for high-speed transmission of data of more than 40 Gbps. 
Transmission distance is also restricted in high-speed transmission of more than 10 Gbps 
since a direct current (DC) frequency component of a conventional binary NRZ 
transmission signal and a high frequency component spread during modulation cause non- 
linearity and dispersion when the binary NRZ transmission signal propagates in an optical 

15 fiber medium. 

Recently, optical duo-binary technology has been gaining prominence as an 
optical transmission technology capable of overcoming the restrictions associated with 
transmission distance due to chromatic dispersion. One primary advantage of the duo- 
binary transmission versus other forms of DWDM transmission is that the transmission 
20 spectrum is reduced when compared with general binary transmissions. 

In addition, in a dispersion restriction system, a transmission distance is 
inversely proportional to the square of the transmission spectrum bandwidth. For example, 
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when the transmission spectrum is reduced by 1/2, the transmission distance increases four 
times. Furthermore, since a carrier frequency is suppressed in a duo-binary transmission 
spectrum, it is possible to relax the restriction of an optical power output caused by 
Brillouin scattering excited in the optical fiber. 
5 FIG. 1 is a block diagram showing one construction of a conventional optical duo- 

binary transmission apparatus. Hereinafter, the conventional optical duo-binary 
transmission apparatus will be described with reference to FIG 1. 

In FIG 1, the conventional optical duo-binary transmission apparatus includes a 
multiplexer 10, a precoder 20, a low pass filter 30, a modulator driving amplifier 40, a laser 

10 source 50 for outputting a carrier, and a Mach-Zehnder interferometer type optical intensity 
modulator 60. The multiplexer 10 multiplexes data input signals of N number of channels 
1-N so as to output the multiplexed signal, and the precoder 20 encodes the multiplexed 
signal. The low pass filter 30 converts a two-level NRZ electrical signal output from the 
precoder 20 into a 3-level electrical signal, and reduces the bandwidth of the signal. The 

15 modulator-driving amplifier 40 amplifies the 3-level electrical signal so as to output an 
optical modulator-driving signal. 

In typical operation, the input signals of N number of channels are multiplexed by 
the multiplexer 10, and the multiplexed signal is then encoded by the precoder 20. The 2- 
level binary signal output from the precoder 20 is input to the low pass filter 30, and the 

20 low pass filter 30 has a bandwidth corresponding to about 1/4 of a clock frequency of the 2- 
level binary signal. This excessive limitation to the bandwidth causes interference between 
codes, which thus changes the 2-level binary signal to a 3-level duo-binary signal. 
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Further, the 3-level duo-binary signal is amplified by the modulator-driving amplifier 
40 so as to be used as a driving signal of the M ach-Zehnder interferometer type optical 
intensity modulator 60. The carrier output from the laser source 50 is subject to phase and 
optical intensity modulation according to the driving signal of the Mach-Zehnder 
5 interferometer type optical intensity modulator 60 and is then outputas a 2-level optical 
duo-binary signal 

FIG 2 is a view showing a pattern and a phase shift of an output optical signal when 
a signal having a data sequence of 00 11 0101 1110 1010 (35EA) is transmitted by means of 
the conventional optical duo-binary transmission apparatus shown in FIG. 1. In FIG 2, 
10 whenever the data input signal becomes '0', the phase of the data input signal is shifted by 

71. 

However, according to prior art devices as shown in Fig. 1, in generating the 3- 
level data signal by the electric low pass filter, a pseudo random bit sequence (hereinafter, 
referred to as a PRBS) has large influence. As the length of PRBS increases, a deterioration 
15 of transmission characteristics also increases, thereby causing much difficulty in realizing 
the system. 

Furthermore, according to prior art devices as shown in Fig. 1, the input data are 
multiplexed, and the multiplexed data are then encoded by a precoder. Thus, the speed of 
the precoder must simultaneously increase as the transmission speed of the data increases. 
20 However, in a case of the conventional precoder, the structure includes san exclusive OR 
( XOR) gate and a time delay unit for delaying an output signal of the XOR gate by 1 data 
bit and feed backing the delayed signal. Therefore, when using high-speed data signals, it 
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is difficult to operate a high-speed precoder due to time delay and limitation in speed of 
the XOR gate. 

FIG 3 is a block diagram showing another construction o f a conventional optical 
duo-binary transmission apparatus. FIG 4 shows output signals at points ® , (2) , ® , 
5 ©, and ® in FIG 3. 

In FIG 3, the conventional optical duo-binary transmission apparatus includes a 
multiplexer 10, an encoder 70, a coupler or an adder 80, a modulator-driving amplifier 40, a 
laser s ource 5 0 for o utputting a c airier, and a Mach-Zehnder i nterferometer t ype o ptical 
intensity modulator 60. The multiplexer 10 multiplexes data input signals of N number of 
10 channels so as to output the multiplexed signal, and the encoder 70 encodes the multiplexed 
signal so that the multiplexed signal includes phase information. The coupler 80 converts 
the encoded signal into a 3 -level electrical signal, and the modulator-driving amplifier 40 
amplifies the 3 -level electrical signal so as to output an optical modulator-driving signal. 

According to the conventional optical duo-binary transmission apparatus shown in 
15 Fig. 3, neither a low pass filter nor a precoder are used. Instead, in order to enable the 
apparatus to have a phase shift that is a main characteristic of an optical duo-binary signal, 
the encoder 70 outputs data (2) having non-shifted phases and data (3) requiring a phase 
shift, from multiplexed data signals ® outputted from the multiplexer 10. 

The output signals (2) and (3) of the encoder 70 are converted into a 3 -level signal 
20 ® by the coupler 80, and the converted signal is passed through the optical intensity 
modulator 60 via the driving amplifier 40 and is then output as an optical duo-binary signal 
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® with a phase shift. 

Similar to the apparatus in FIG. 1, since the optical duo-binary transmission 
apparatus in FIG. 3 multiplexes the input signals of N number of channels and then encodes 
the multiplexed signal, the apparatus requires a high-speed encoder. However, it is difficult 
5 to realize such a high-speed encoder, due to limitations in speed of electrical components 
constituting the encoder. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a duo-binary encoder that can 
10 achieve a high speed even with existing low speed electrical elements, and an optical duo- 
binary transmission apparatus using the duo-binary encoder. 

The present invention also provides an optical duo-binary transmission apparatus, 
which has transmission characteristics that are not affected by a Pseudo-Random bit 
sequence. 

15 Furthermore, the present invention provides an optical duo-binary transmission 

apparatus that resists the problem of wavelength dispersion, without using neither an 
existing feedback type precoder nor an existing electrical low pass filter. 

In order to accomplish the aforementioned items, according to the present 
invention, there is provided a duo-binary encoder comprising: a judgment unit forjudging 

20 whether an odd number or even number of '0's exists in data input signals of N channels; a 
toggle u nit f or t oggling an o utput s ignal o f t he j udgment u nit w hen a n umber o f ' 0's i s 
even; an intermediate signal generation unit for determining whether phases of other 
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channels are shifted or not, according to an data input signal on the basis of a 
predetermined channel of the N channels; and a phase division unit for dividing data into a 
first data group having non-shifted phases and a second group of data which require a phase 
shift, according to an output signal of the intermediate signal generation unit and the data 
5 input signal, and outputting the divided first and second data groups. 

According to an aspect of the present invention, there is provided an optical duo- 
binary transmission apparatus including: 

an encoder for dividing N number of data input signals into a first data group 
having non-shifted phases and a second data group which require a phase shift by a parallel 

10 processing, and outputting the divided first and second data groups; a first/second 
multiplexer for multiplexing the first data group having non-shifted phases and the second 
data group that require a phase shift, respectively; a coupler for coupling signals 
respectively multiplexed by the first/second multiplexer so as to output a 3-level signal; a 
light source for generating and outputting an optical carrier; and an optical modulator for 

15 modulating the optical carrier into an optical duo-binary signal by the 3-level signal, and 
outputting the modulated signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present invention will 
20 be more apparent from the following detailed description taken in conjunction with the 
accompanying drawings, in which: 

FIG. 1 is a block diagram showing one construction of a conventional optical duo- 
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binary transmission apparatus; 

FIG 2 is a view showing an example of an output signal obtained by using the 
optical duo-binary transmission apparatus in FIG 1 ; 

FIG 3 is a block diagram showing another construction of a conventional optical 
5 duo-binary transmission apparatus; 

FIG 4 is a view showing output signals at points ® , (2) , (3) , ® , and © in 

FIG 3; 

FIG 5 is a block diagram showing a construction of an optical duo-binary 
transmission apparatus according to a first aspect of the present invention; 
10 FIG 6 is a view showing a construction of a duo-binary encoder performing a 

parallel processing according to the present invention; 

FIG 7 is a view showing an example of input/output signals in FIG 6; 
FIG 8 is a view showing a construction of a duo-binary encoder performing a 
parallel processing according to a second aspect of the present invention; and 
15 FIG 9 is a view showing an example of input/output signals in FIG 8. 

DETAILED DESCRIPTION OF THE INVENTION # 

Hereinafter, the present invention will be described with reference to the 
accompanying drawings. The same reference numerals are used to designate the same 
20 elements as those shown in other drawings. In the following description of the present 
invention, a detailed description of known functions and configuration incorporated herein 
will be omitted when it may make the subject matter of the present invention rather unclear. 
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FIG 5 is a block diagram showing a construction of an optical duo-binary 
transmission apparatus according to a first aspect of the present invention. In FIG. 5, the 
optical duo-binary transmission apparatus according to the present i nvention i ncludes an 
encoder 100, first and second multiplexers 200 and 300, a coupler or an adder 400, a 
5 driving amplifier 500, a laser source 600 for outputting a carrier, and a Mach-Zehnder 
interferometer type optical intensity modulator 700. The encoder 100 encodes N number 
of data input signals, and the first and the second multiplexers 200 and 300 multiplex the 
encoded signals. The coupler 400 couples signals outputted from the first and the second 
multiplexers 200 and 300, and the driving amplifier 500 amplifies an output signal of the 
10 coupler 400. 

The encoder 100 encodes data input signals of the N number of channels by a 
parallel processing. 

FIG. 6 is a view showing a construction of a duo-binary encoder 800 performing a 
parallel processing according to a first aspect of the present invention, representing a case 
15 in which the number of input channels to be multiplexed is 4 (4n +1 to 4n +4). It can be 
seen in FIG. 6 that the first and the second multiplexers 200 and 300 are the same as those 
in FIG 5, to which the output signals of the encoder 100 are inputted. 

Referring to FIG. 6, when input signals are a^+i, a^+2, a^+3, and a^-M, a signal 
'b 4n +i ' c an b e o btained b y X ORing t he s ignal ' a^+i ' a nd a s ignal, w hich i s a chieved b y 
20 time-delaying the signal 'b 4n +4' by 1 data bit, and then inverting the XORed signal by 
means of an inverter. A signal 'b 4n +2' can be obtained by XORing the signal c b 4n +i ' and the 
signal 6 a4n+2' and then inverting the XORed signal by means of an inverter. Signals 'b 4n + 3 ' 
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and 'b4n+4 5 can be obtained in the same manner as described above. Therefore, the 
following logics are performed: 

b 4a+ l = ~ ( a 4n+l © 6 4(n-. M ) = ~ («4i. + l © K J 

*4i. + 2 = ~ ("4n+2 © ~ K„ + l © 6 4„ )) = ~ ( a 4n+2 © *4„ + l ) 

*4„ + 3 = - K* + 3® - K.+2© - (*4„ + l © b 4 n))) = ~ (<>4n + 3 © K+l) 

K+4 =-K, + 4©-K W+ 3©-K W+ 2©-K n+ l ©6 4w )))) = -K rt+ 4©^ + 3) 

5 

In the logics, each signal 'b n ' is a signal for toggling the input signal whenever the 
input signal becomes '0'. In converting the input signals a n to optical duo-binary signals, 
the signals 'b n ' are used in dividing the optical duo-binary signals into signals having non- 
shifted phases and signals having 180°-shifted phases. That is, the signals 'b n ' and the 

10 input signals 'an' can be ANDed to finally obtain signals 'c n ' and 'd n \ 

In FIG 6 , a d -flipflop ( D-FF) c an b e u sed for delaying t ime b y 1 d ata b it, a nd 
another XOR gate can be inserted into a path in which an XOR gate is not used for 
compensating for time delay at the XOR gate. In this case, the time delay can be 
compensated for without variation of the signal by inputting a "0" level signal to one input 

15 of the XOR gate. 

Referring t o F IGs. 5 a nd 6 , w hen t he s ignals ' c n ' a nd 4 d n ' o btained t hrough t he 
parallel processing are time-multiplexed by means of the first and the second multiplexers 
200 and 300 respectively, the multiplexed signals are divided into data having non-shifted 
phases and data requiring a phase shift of 180° , respectively, similar to the signals (2) 

20 and © in FIG 4. 
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The signals (2) and (3) having different phases are converted into a 3-level signal 
® by the coupler 400, and the 3-level signal ® is amplified by the driving amplifier 500. 
As a result, the amplified signal is used as a driving signal of the Mach-Zehnder 
interferometer type optical intensity modulator 700. 
5 Referring b ack t o F ig. 5 , t he c arrier o utput f rom t he 1 aser s ource 6 00 i s p hase- 

modulated a nd i ntensity-modulated a ccording t o t he d riving s ignal o f t he M ach-Zehnder 
interferometer type optical intensity modulator 700 and is then outputted as a 2-level 
optical duo-binary signal ©. 

FIG 7 illustrates the input/output signals in FIG 6 when an input signal is 

10 '1101011110010100'. In FIG 7, if the input signals a^+i to 2^ nM are time-multiplexed, the 
multiplexed signal is equal to the input signal in FIG 4. If the signals 'c n ' and 'd n ' obtained 
through the parallel processing are respectively time-multiplexed, the multiplexed signals 
are equal to the two output signals (2) and (3) in FIG 4. That is, coding can be 
performed in the same manner as shown in FIG 6. 

1 5 According to the first aspect of the invention, the duo-binary encoder 800 can be 

easily realized. However, as the number 'n' of the input signals increases, the time delay 
occurring at the XOR gate is accumulated. Therefore, time delay longer than 1 data bit may 
occur. Accordingly, the first aspect of the invention is more effective when the number of 
the input signals is small. 

20 Such a limitation of the number of the input signals is caused by existence of a 

feedback from the last XOR gate. If the feedback does not exist, the number of the input 
signals is not limited. Furthermore, a number of inputs are simultaneously processed, so 
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that a desired signal can be generated even with a low speed element. 

FIG 8 is a view showing a construction of a duo-binary encoder performing a 
parallel processing according to a second aspect of the present invention, and FIG. 9 is a 
view showing an example of the input/output signals in FIG 8. 
5 According toad uo-binary e ncoder o f t he t ype s hown i n F ig. 8 , a f eed-forward 

method is used, so that the number of input signals is not limited. For convenience of 
description, a description for an example in which the number N of input signals is 4 will 
be described below. 

Referring to FIG. 8, the duo-binary encoder 900 includes a judgment unit 910, a 
10 toggle unit 920, an intermediate signal generation unit 930, a phase division unit 940, and a 
clock signal CLK. 

Referring to FIGs. 8 and 9, the judgment unit 910 judges whether an odd number 
or even number of '0's exists in N number of input signals. For instance, when the 
number N of the input signal is even, the judgment unit 910 outputs '0' or T according as 

15 the total number of '0's in the N number of input signals is even or odd. FIG. 9 shows an 
example of the signals as described above. The judgment unit 910 has a construction in 
which XOR gates are connected to each other in a pyramid type. If the number of the input 
signals increases, the number of the XOR gates also increases. When the number N of the 
input signal is 4, the judgment unit 910 includes three XOR gates, that is, XOR1, XOR2, 

20 andXOR3. 

When an output signal of the judgment unit 910 is '0' (i.e. when the number of '0's 
in the input signals is even), the toggle unit 920 toggles the output signal of the judgment 
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unit 910. The toggle unit 920 includes an AND gate AND1 and a toggle flip-flop 
(hereinafter, referred to as a T-FF) and ANDs the output signal of the judgment unit 910 and 
the clock signal CLK. Further, the toggle unit 920 enables the ANDed signal to pass 
through the T-FF, while generating the nth output signal b 4n +4. Then, the signal obtained by 
5 ANDing the output signal of the judgment unit 910 and the clock signal CLK is input to the 
T-FF, and a toggle of the inputted signal occurs at each rising edge (marked by an arrow in 
FIG 9) of the inputted signal. 

The intermediate signal generation unit 930 determines phases of other channels 
according to input signals a n , on the basis of the nth output signal b 4n + 4 from among N 
10 number of channels, which includes several XOR gates (i.e. XOR4, XOR5, and XOR6) and 
inverters. 

When intermediate signals b 4n +i to b 4n + 4 , which are generated by the intermediate 
signal generation unit 930, and the input signals are converted to optical duo-binary signals, 
the phase division unit 940 divides the optical duo-binary signals into signals having non- 
15 shifted phases and signals having 180°-shifted phases. The phase division unit 940 can be 
achieved by a plurality of AND gates AND 2 to AND 9. 

When output signals c n and b n , which are obtained through the above-mentioned 
steps, are respectively time-multiplexed by means of multiplexers 200 and 300, the output 
signals (i.e. Mux 1 Output and Mux 2 Output) as shown in FIG. 9 can be obtained. 
20 Furthermore, the output signals are equal to the output signals Signal (2) and Signal (3) in 
FIG 4. 

According to a duo-binary encoder of the type shown in Fig. 8, in order to 
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compensate for time delay occurring when a signal passes through an XOR gate, another 
XOR gate in which '0' is applied to one input can be inserted into the duo-binary encoder, 
similarly to the duo-binary encoder of the first embodiment. 

Furthermore, in order to compensate for time delay at an AND gate, another AND 
5 gate having one input to which ' V is inputted can be inserted into the duo-binary encoder. 
Furthermore, in order to compensate for time delay due to a T-FF, a D-FF can be used for 
compensating for the time delay. 

According to a duo-binary encoder of the present invention as described above, 
coding is performed through a parallel processing before a time-multiplexing is performed. 
10 Therefore, a bottleneck due to high speed data can be prevented from occurring even with 
the existing low speed electrical element. 

Further, the existing feedback type encoder is not used, so that the number of input 
signals is not limited. 

According to the present invention, when an optical duo-binary transmission 
15 apparatus is achieved by means of a duo-binary encoder, a high speed precoder is 
unnecessary. Furthermore, a duo-binary encoder according to the present invention outputs 
a duo-binary signal with an inverse phase characteristic, without employing an electrical 
low pass filter, thereby removing an affection due to a Pseudo-Random bit sequence 
(PRBS). 

20 While the invention has been shown and described with reference to certain 

preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and 
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scope of the invention as defined by the appended claims. 
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